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HE scarcity of reliable instruments for measuring high 
temperatures, and the demand in numerous industries for 
such devices, prompted the Royal Physical Technical 
Institute, at Charlottenburg, to intrust to Mr. W. C. Heraeus the 
manufacture of an apparatus according to the principle of Professor 
Le Chatelier, ,of Paris. es 

The aim was to produce an instrument which would meet all 
modern requirements, and the “‘ Le Chatelier Pyrometer,” as it is 
now manufactured and placed on the market by the above-named 
and well-known firm of Platinum refiners, is the result of these 
endeavors. 

The ready sale which this instrument enjoys is a sufficient 
proof of its efficiency, and its successful application is further sub- 
stantiated by numerous testimonials, of which a few are added at 
the end of this pamphlet. 

The urgent need of an apparatus of this description is demon- 
strated by its extensive introduction in establishments for the 
manufacture of Gas, Chemicals, Sugar, Terra Cotta, Stoneware, 
Porcelain, Fire-brick, Cement, Accumulators, Incandescent Lamps, 
Cartridges and Ammunition, Anilin, Glass, Steel, Iron, etc., and 
further by its use in factories of Electro-Technical Instruments, 
Roll Foundries, Gray and Malleable Iron Foundries, Machine and 
Tool Works, Boiler Inspections, and Schools and Colleges. 

The principle involved in the construction of this instrument 
is the conversion of heat into an electric current and determining 
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Complete Pyrometer outfit with porcelain protection tubes for 
use in connection with furnaces, flues, kilns, ovens, 
etc., of all descriptions. 








while the second scale gives direct readings of the degrees of 
temperature. 

On the side of the cylindrical casing of each instrument there 
is provided an adjustable thumb-screw, which secures the armature, 
thus avoiding the breaking of its delicate suspension wire, while in 
transit. This screw should always be carefully secured before 
moving the instrument. 

Adjusting screws in the base allow the instrument to be placed 
readily in a horizontal position. 

A switch on the base of the galvanometer serves for the purpose 
of breaking the thermo-current. 

The wire clamp-screws on the galvanometer are marked + and 
—, respectively. The clamp marked + should be connected to the 
platinum rhodium wire and the one marked — to the platinum 
wire. ‘The platinum is the softer one of the two ends. 

The knob at the upper end of the cylindrical casing is con- 
nected to the scales and permits their adjustment, or, indirectly, 
an adjustment of the pointer to the zero mark. 

_ The method of the application of the apparatus will be easily 
understood from the above description. 

The end of the tube containing the two wires is aspioasd to 
the temperature to be measured, and the free ends of the wires are 
connected to the binding-posts on the galvanometer (see Fig. 3, 
page 4). Or, if desired, the galvanometer may be placed at any 
distance from ‘the element and insulated copper wires may be 
used to connect both. This wire should be No. 12 American or 
Brown & Sharpe Gauge, for a distance of 300 feet, or at any 
distance, the resistance of the wire used should be no more than 
one ohm. 

As soon as the temperature of the thermo-element has risen to 
that of its surroundings, the deflection of the pointer along the 
scales will cease. 

The temperature surrounding the junction of the element 
wires with the copper conductors should be thirty-two degrees 
Fahrenheit to give correct readings. Small variations therefrom, 
for instance, if it should be the ordinary temperature of dwellings 
(sixty-five degrees Fahrenheit), will scarcely be significant for the 
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application of the Pyrometer in ordinary practice ; however, it is 
essential to keep the cold junction of the thermo couple at freezing 
point, if it is necessary to determine the exact temperature of a 
furnace or other source of heat, by direct readings of the galvano- 
meter. 

We are fully aware that the successful application of this 
instrument in practice requires, in some cases, special contrivances 
(see Fig. 1, page 2) to adopt itself to the various purposes it is 
intended for, and in such instances we willingly offer our services. 
A careful study of the subject, close observation and experience 
in this branch of science, enables us to be oftentimes of material 
assistance to our patrons. 

We invite, and we will promptly answer all matters pertaining 
to Pyrometry. 

We will give cheerfully the minutest instructions which will 
enable the most inexperienced to install and use the instrument. 

For the convenience of our patrons we have added in this 
edition a scale for the comparison of degrees Fahrenheit and 
centigrade (Fig. 4, page 7), a reprint of the galvanometer dial, 
representing the relation between degrees of temperature and 
millivolts (Fig. 5, page 8), and further tables of the melting and 
boiling points of various substances, besides other valuable data 
which may prove useful in practice. 


W.C. HERAEUS, Hanau. 


Representative, 
CHARLES ENGELHARD, 
41 Cortlandt St., New York. 
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CAST IRONS 


DEGREES 




























200 (93 C) 
50 
300 = (149 ¢) 
50 
400 = (204 Cc) 
50 
=z 600 = (260 6) 
50 
600 (316 c) 
60 
700 = (371 ¢) 
$50 
800 (497 C) 
50 
900 —-(482 C) 
50 


1000 (538 ¢) 
50 





50 

1200 = (648 C) 
50 

1300 = (705 ¢) 
50 

1400 = (760 c) 
50 

1500— (816 ¢) 
50 

1600 = (871 ¢) 
50 

1700.— (997 ¢) 
50 

1800 (982 ¢) 
BO 
11900 (1088 C) 
50 

2000 (1098 ¢) 
sh oe 
2100 = (1149 ¢) 
50 

2206 — (1204 ¢) 
50 
2800 — (1960 0) 
50 

2400— (1316 c) 
50 > 
2500 =(1371 C) 
50 

2600 = (1497 cY 
50 , 
2700 = (1482 © 
50 

2800 = (1587 6) 
50 

2900— (1593 ¢) 


Comp. Scale of Degrees 
Celsius and Fahrenheit. 


FORMULA= 22-84-82 = F 
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Temperature Determinations by 
Prof. Roberts Austen. 


ge, 8 oR, 
1. GOLD MELTING (Royal Mint), 
Standard alloy, pouring into moulds...... .... 1180... = 2156 
Standard alloy, pouring into moulds, by thermo- 
CONMIGO Pat sisi yc wea oe sf Matas Seka ne pb Ey Geeeeearane-. 0 6 
Annealing blanks for coinage, temperature of 
Rnneahne- chamber ini 2 ical 15.08 evs Oe a ek 890... 1684 
2. SILVER MELTING (Royal Mint). 
Standard alloy, pouring into mould............ 980 .. 1796 


3. STEEL MELTING (J0-ton open hearth furnace, Woolwich Arsenal). 


Steel, 0. 3% carbon, pouring into ladle... owe. 1645 .. =—.2998 

“ Jarge mould.. 1580 .. 2876 

Reheating furnace, temperature of ‘interior...... 930 .. 1706 
Cupola furnace, temperature No. 2, cast-iron 

pouting into: ladle.) oc ceva iee meee ae 1600 .. 2912 


Determinations by Prof. Le Chatelier. 


4. SIX-TON CONVERTER. oO. oR. 
DAU COU GIRS re Cocaine Baja see te eee ers 1580... «©2876 
Mretahht lathes osc da ee ee ee oes 1640 .. =2984 

Ne SuOL MAUI wea cw rie eins ee crew ee 1580... = 2876 
Ingot in reheating furnace... 0.0.0... .s cc sees 1200"... 2192 
cous TREE AE SEAL EILO Ds cos 5 228s aaeiscaion >» siete a eee 1080. ... 1976 


5. OPEN-HEARTH FURNACE (Siemens, Semi-Mild Steel). 


Fuel gas: near generators. s0.05. oss bse cates os La RA EAS F324 
Fuel gas entering into bottom of regenerator 

CTAINOT: wicca atte gu antes hore inlanc i dieia. Teo 400... 752 
Fuel gas issuing from regenerator chamber Ape 1200... © 2192 
EU eee ag ata RN Seo AEN Hea Ug ae SR 1v00.. =: 1882 


6. CHIMNEY GASES. 
Furnace in perfect condition.............5..... 300... 590 


7. OPEN-HEARTH FURNACE. 


End of the melting of pig charge............... 1420 .. 2588 
Completion of conversion. .............5-0..04. 1500 .. 2782 


8. MOLTEN STEEL. 


In the ladle—commencement of casting. ....... 1580 .. = 28%6 
8 ONO Ob CASRN ss oe Care aia soe 6 1490 .. 2714 
Tn the: moulds 720 Searcy ane Peegimee eee ery 1520... 2768 


For very mild (soft) steel the temperatures are higher by 50 degrees Celsius. 


9. SIEMENS CRUCIBLE OR POT FURNACE.... 1600 .. 2912 
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Determinations by Prof. Le Chatelier (Continued). 


Ce Se a 
10. ROTARY PUDDLING FURNACE............. 1340-1230 . . 2444-2246 
Puddled ball—end of operation.... ........... 1880 .. 2426 
11. BLAST FURNACE (Gray-Bessemer Pig). 
Opening in face of tuyere.........--.++..+2.-55 1980... 8506 © 
Molten metal—commencement of fusion........ 1400... = 2652 
ss ‘* end, or prior to tapping..... Mri: 17 {teeta et 
12. RED-BRICK KILN (Hoffmann’s). 
Burning temperature... 205 ...0..620. 22 eee ees 1100... = 2012 
13. FOUNDRY IRONS AND STEELS. 
Melting heat of white cast-iron................ 1135... = 2075 
BIS tS a Uae oWinled acca ent 1220... 2228 
ef OS: MABEL, {Sata ata ofc ar Ba eee «oe be 1475. Ss 2687 
a Ps eSB BLORN wat nie aos «be ae 1455... =~ 2651 
be SO COEAPUL, SHB ORs  fiaateN busib nn 2 cawip sales 1410 .. 2670 
14. PORCELAIN FURNACE (for Hard Porcelain). 
Heat at the end of baking.................--+- 1370 =... ~=— 2498 
15. INCANDESCENT LAMPS. ; 
Heat, burning normally............-. --- Sega sess LOUUR ccc as ead 
WHER PUSHER sc 252 swine wa ein ginkoe tmises hse 2:00 .. 38812 


Effect of Heat Upon Various Bodies. 


(From HasweELL AND OTHER SOURCES.) 








Absolute zero of temperature.......... Bei hita Gee eek ees te —273°C. 
Hydrogen under 180 atm. liquefies at... .:: Se else Ride eines ah —w5°F. 
‘Nitrous oxide freezes... 0s ce bees ie ea ee ea et ee ee elee —150 
Boiling poiat of ps ozone at atmospheric pressure Ruka ee see —119 
Greatest natural Cold 5. ot co bee oie sie eels whine eee eee este es — 56 
Liquid ammonia freezes at........ SANs sccuaia ae tetera Sinisa iw nietaeva — 46 
Sulphuric ether freezes at.............. ih Sean ele ine a Is SN — 46 

** (spec. gr. 1.641) freezes es eG ay enti elbatule sinimiaietaie — 45 
Nitric acid (spec. gr. 1.424) “8 see eee cee eee cence reer eee — 45 
Proof spirit and brandy freeze........ Rs eres ra Sig tals ks ok te ea ate — 7 
Snow and salt, equal parts........... ese e cece eee cee ee eee eee ees 0 | 
Spirits of turpentine freezes .... 0.6.2. 62s00. ceeei eee cece eens +14 
Strong wines freeze. . 2... 0... cee ecw eee weet ere eee ee Feet eeeeee 20 
Human blood freezes..........-.++- sees RET EY CMAN Pe EON 25 
Sea-water A gOS Fe) aTe aa ohme "og Sap Rarcetbier sa’ eels wince Wikvacw amare 28 
Vinegar Shey ies as Tide iets Si OAR RNG Se Cee OE HRS Sa ES 28 
Milk Hey Pats SUS lene thancet a Gee Nee NCEr aa Creme geS ate ae 30 
Olive oil BS RON Netra Cc tists State ae are Walaieiusy xo ERY NaS 86 
Vineous fermentation ... sive secs cc fees vee Tene sien cata niess cue 60-77 
Acetous Mi i 78 
Acetification end: <<< isi ics 6s oi eae oe cere ns 88 
Heat of human blood 98 
Highest natural temperature in Egypt.....-.-+- .+s+eeesee sees 117 
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Effect. of Heat Upon Various Bodies (Continued), 
, 5 (From HaswELu AND OTHER SouRcEs.) 
Gutte-perchw nettenay: 0 2 a ee os eas ee 145° F, 


Gudha-perchia- vuloamiges. 5: oo eadoe, | coe Se, oe 298 ** 
OUPEMOMU GH GE ei Scant tap) fuclgae a eaten eum wast wie oY B06 ‘* 
NOOK CIO UE DS cel seer at tone ice af Semone Caan yal aa 840 ‘‘ 
MBDOURY VOUMMCRS Acsg. CO oat cocci a emis Ape 680‘ 
Nae tdom ORs borin gas inh (ees Reet al ey ber NG 750 < 
Heat Ol COMMON ATAU. c hike Meo oko heen. ae ea HOO x8 
Canmbuationat Hodtes esas cM ae ee te Nn tee 800 ‘“ 
CUARCORL BORA Neat cate codec lee tare Sue, ee er 800 * 
PERO EUTANCE foe Weta dacs Aap oa ta i. seat Ee eA 8300 ‘* 
SINSEMTIGH MELE scare oss cdcoe Renate EL. ee oa Sy 4000-5000‘ 


Different Colors of Iron Caused by Heat. 
(PourILLET.) 


be, 85) a CHARACTERISTIC. 

261 502) Violet, purple and dull blue. Between 261° CG. and 370° C. 

370 680 § it passes to bright blue, sea green, and then disappears. 
Commences to be covered with a light coating of oxide, 


500 932 becomes a deal more impressible to the hammer, can be 
twisted with ease. 
525 977 . Becomes nascent red. 


700 1292 Sombre red. 
800 1472 Nascent cherry. 
900 1657 Cherry. 
1000 1832 —- Bright cherry. 
1100 2012 Dull orange. 
1200 2192 Bright orange. 
1300 2372 White. 
1400 2552 Brilliant white ; welding heat. 


1500 =. 2782 ; 3 
ae po f Dazzling white. 


Temper Colors of Steel. 
(HASWELL.) 
*0). oe. 
221 430 Faint yellow. 
238 460 Straw color. 
- 243 470 Dark straw. 
277 530 Purple. 
289 550 Blue. 
293 560 = Full blue. 
804 580 Polish blue. 
316 600 Dark blue. 
400 752‘ Bright red in the dark. 
474 884 Red hot in twilight, 
581 1077 ~—- Red, visible by day. 


Metal Baths for Tempering. 


(MoLeswortu.,) 


Re EP 








Melting Points of Metals. 












1, COMMON COMMERCIAL METALS. DEGREES FAHRENHEIT. 
Aluminum 1157* 
Antimony...---- eee ED RE ERIE TLS Ce from 810+ to 1150¢ 
WR igtE Tbh setts, cise on sieieiaitiais #0! pied. sin eine ele sine. eae “© 476h ‘© 512P 
COPPels wc. cccwcces se seressaeeensnteecrcerions ss «© 1929* ‘« 1996° 
Lead...... «* 608 ** 618* 
Mercury.....- : 39 
PB cst cco da vice d.gin creie ettiace,aierelete audin.v)s.o'= nia sing 8,08 «© 442¢ to 451P 
WG en et dare Cicin’ case emie Fe ese eee Re ee “© 680+ ‘* 779* 

2, COMMON COMMERCIAL ALLOYS. 

Yellow brass... . 222 ceeeceeecc cece ret eenrerssnee ? 
ori or ees aa: te Mian ears ira ty Tel as Pee eT EO CETL 1690¢ 

3. SOME OF THE RARER METALS. 

VS BNIC ho gee bo We Shee ele kin eae guise a ne Rane 365" 
CELT ECR a oh ere Oe U Treacle at full red heat ? 
CITI: ccc sais l ns ok ns Se eran wnsete oes 8)¥ 4 2 a's 442k 
AEP sik oon oie Sis asa an acne ero viseetele 0/4 Shei wibee 3565 
Magnesium... . BS skcaan Sg acct oe glatn tee itiniw mts een 1200* 
POtASSiNM oso sw aoe Uae en ew Ree acre ec eee nae s eine from 1386 to 144* 
SPST panes as, een Ann weeny ay one EE Tsar SS 66. 194 oS 2O8 
Tungsten, ) not fusible in forge, but soften and { 9 
Chromium, { agglomerate.......-----y++-++++ 


4, THE IRON GROUP AND COMMERCIAL IRONS. 








TRON GTAY certs ee ese res eh eee aes from 2030 to 2280™ 
bE TOMER Saas couis coe wie eae Ras wa ns ewer eS “© 1190™ ‘* 2075* 
€-- -WrOUght... 0.02 eeees sere e este eect n nc eeetes *  2700n-‘* 2912p 
*©  fero-SilicioUS....-.- eee cee cece ee eee cteetees «2040 ‘* 2190™ 
st Gatleablecess cc ccceet ee herae vb sare} be wet ee iY ? 

Steel, 1.18—1.82C.... 2. 62. ese eee cee e eer eeeee ‘© 2850 ‘* 2450™ 
NOMA Miaeh Me Ee rages ich iar ha rroe imine seus Nyy ave panne. ee Ls 2570* 
RI CARES RY SGI ern eo nle eee PO PRN a ee feat Be, 2687* 
“ferro manganese......-- ae cM MEM IG ca anal ate hats «© 9210 ‘2255 
‘ ferro-tungsten 2. 0... eee eee eee eee eet e eee © 9240 ‘* 2280™ 
$6 farro-ChTOM ......02ee cere eee e cree eee caress “« 2180 ‘* 2400™ 

Cobalt, 2000s 

Nickel, fusible in highest heat of a forge 2732s 

Magnesium, ? 

5. PRECIOUS METALS. 
Gold; PUTOL eee el geen wee Meee cee eaies from 1918* to 2282+ 
standard .....0-. ce ccee ns secs ee teeeeeeescns 2156¢ 
Silver, PUTE. . 2. -- cece eee ee cece tee een testes Sige yada Ral 
Platinum, fusible only bef 
PIOWDIPEs ¢ een dee eeece sents eo eee eee eee ees 8227* 
Palladium. .......2.ecs cesses eeeeees 2732* 
Rhodium.......+ --+++- fe eae cd 2 
Iridium, fusible only before the oxyhydrogen blow- 
PIPE... eee e reece eee eee if 
REFERENCES: 
Regnault. ‘ * = Prof. Roberts Austen. m = Dr. R. G. G. Moldenke. 
Steele’s Handbook. + = Pouillet h = Haswell’s Handbook. 
D. K Clark’s Handbook. k = Kent’s Handbook. p. = Person. 


r= 
Ss. = 
c= 
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Melting Points of Lead—Tin Alloys.’ 

















Novel’s solder, 
for aluminum 


bronze....... WOO hse ee hODN gh toc le hens | 2-3 Undetermined. 


* Yellow brass, consisting of 3 copper and 1 zinc. 


(KENT.) 
1 Tin, 25 Lead C. = 558° F- 
Bobet 3 (1 ale AS ie 
1 ce 5 “é ae 511 ge 
1 se 3 “e ian 482 bis 
1“ Q « 6 4a4t. * 
Messina jee “ 870 * 
We“ 1. Oe aes 
9 “ee 1 ee a 340 se 
oko a 8 eS 
Boca 1“ “é 865.“ 
Ge i hag “cc 878 « 
6 “ee (eG “ce 8381 66 
Melting Points of Fusible Plugs. 
b : (HASWELL. ) : 
; 2 Tin, 2 Lead........ Soften at 185° C. = 865° F., melt at 189° GC. = 272° F. 
E BRR RG gris ac ape ren iseerstrns SF 189 *‘ tee ee ears 195 “* 383‘ 
| VRE Sy ee ageeehn ie Peres. fs 192° >** 8774 “SS i ene 888 ‘* 
F bP = pelts ARN ORS Ta bi 202 * 3053‘ *f 209 ‘+ 408 <‘ 
Melting Points of Solders. 
¢ (KEnv.) 
ee | | 
' ee aoe lat oe (ae 
: Description, a lsigis | 3 3] 3 FI | Melting Points. 
I B ia/5/%] S jaja] 2 an 
| | I 
i Common solder.) 1 | 1 {ie Pa Baeere 188° C., 370° F. 
t Fine solder..... ge Bae 8 ree Ard farce peice 9 jean = TE > BAO * 
i Oheap solders.) ob | Ooh wei Woe lle ean baa red eee 4 bg 
Gold solder... .. ros SOUL bred | Sole We a yan ane Bees 
} Gold solder, for | 
} 14-carat gold.|..../../25] 251..... 1 is etic ban a 
\ Silver solder ...} 11}!..]..|...]...../70 aR geese ¢ Undetermined. 
fl eatirea eter rien We cd | OS eae (bisa ft 4 ee Ree 
i German S.solder\. . . |: -+-| 88 154 |..] 8 : sha 
i ’ LOOP ON cs las oamties [els in ol 2 280-300° C., 586-572° F. 
Bicbicy w'saopemes LE sk aN he ns BUS )L002] 21 Jego-g00 «” 586-619 
ahimicone | 1 200d MOS etic. [.11.]850-450 « 662-843 
1000). . = - 850-450 “‘ 662-842 <« 
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Melting Points of Fusible Alloys. 





























Fi Bi 6 
= =] 3 oS rae 
<a ‘ g mS & > Description. 
i=] i= 

Si Boe eee ace 

25 25 Bde ote tui acs 250 (PD Areetisuc cf TA ees 
20.55:} 21.10: 50 |...... T4OB Hires Guthrie’s'‘Entectic,”very low ? 
25 7:12.60} 600}... 20. 12.50] ..... W000 Bia taadves tones 149‘ 

26.51 12.78) 60. }...... 10.40 |...... Lipowitz’s. .2.......-0.+-55 149 * 

1 1 Se eareren 1 5 Quoted by Haswell anaes 155 ‘* 

25 12 EER BRS ss Sa Capen .. 150-160‘ 
19.86 | 19.97 | 47.38 |. 18:29 | 025 6s Guthrie’s “Cadmium”... 160 ‘ 

2 1 pl Phe ate series DOU eirst W000. Un. cee ecinnnare ne 165.‘ 

3 2 5 Bata [nals abese rie MENT Parse Stereotype Minor pencils.. 199 “ 
88.8 |..... | 38.4 | 38.3 |......]....-- Quoted by Haswell, less than 200 * 

1 1 Be Ma tse ste tha olay Rose’6.2 sie ksi ene cea 200 ‘‘ 

25 25 PAE Rea itaiaie acatahosaelmar’ D’ Arcet' Bigs cusses ec os 201 * 
ay a] Eee raraenan Weta a a ee Quoted by Kent and Clark. 201 ‘ 

5 3 Heal fa ERR Prag ae Lara aes Asie SA Saami SB hag Uo pret 2 202 * 
sas 3 Re RS aes ear eate sf eM APEE SRT ee WR =P 
SDR AAS ON DO ev:ats aie 's oes a Wl eens Newton’s..2....- 0s eneees 202--** 
DEAD NOs AV COM: isicslat lias solabags mer ROBC Ho ccclvininre ca oee pote eenee 2038.‘ 

3 5 Rape lng Bicoae pene: Car A Quoted by Kent. ss scte 208 

1 3 Bey Seely t fie senate Fics Haswell........ 210 ‘ 

31 19 ic) Fae Repairs sec Daina Pete rs Newton’s, quoted by Has- 

WOM cc cces Senos less than 212 ‘‘ 

3 2 Bodies ai deas sal ears ING WtON'S.c< osiecise ae ee 212 “ 

2 3 jes foo a rere (arene Quoted by Haswell ....... 212 * 

1 4 Dee foe ae [eueat isl oe oe Kent & Haswell. 240 ‘‘ 

1 1 Axo lge chan veers tian fe Clark ees a 254 ‘ 

1 2 4 Burd Kier pues eet a, ae Sh Pewter’ssolder&soapmoulds ? 

( alia Sea Ey iioieneanl gto matin tacees Quoted by Kents. cs5752 257 “* 
ae 1 Foe Aas OM thas stheeaiee ‘and Haswell 286 ‘‘ 
2 2 Ter dace e ad ok eps pace eae < Clark siuieineaee 292°“ 
4 4 x Meee Gane alta a eres Ext Rae OE ye SOLS taeoe he PRE 820 ‘ 
eatues : Ieee eae © Ps hy a Kh Kent & Haswell. #B6 bs 
nero B 1 Reet (ee ieee ie rorya nena ieee A 
oe 1 Bae Us ae CAR Ce eee ee ei Be Haswell....... 309 “ 
Melting Points of Miscellaneous Substances. 
(From Various SOURCES.) 

Sulphurous acid... -...-..e6- cess eee eee eee reese ete es —148° F. 
Carbonic acid... 2.2... cece eee eens one ce ceneeleees a eee —108 * 
Perv a ita sek om + ce in ee ion Ole Sep Bless A eaeale alk — 956 “ 
Turpentine. . 0.5. 6. coer eee ete nese rerun rs sesaces pT ekg 
Hyponitric acid ......-.......++ ++ eee ty elets ED eae atone ana 16 : ; 




































Melting Points of Miscellaneous Substances (Continued), 


(From VARIOUS SouRcEs.) 


Acetic acid... ....c.ec eee cece eer e tenes QR es ie at eR ase aa 118° F. 
BEGAIMO..sa0 Goce Ah oe oe ea ween Ca Soe RIN Ae NANT EEA SRT 109-120. ** 
pia Ree ncn sce shears r yess iterates ease es Te: 120.‘ 
Marmgvic atid. <coseoguccree ysnet eons ss Atetersmre stances he 181-140 * 
Pees war. POUGHG ous ovaries cee te sip tere ee degeine te tse sy eee 14939 F 
oe HlGwOHEM ei Goss s hewislee es cos Oe hln swe RRR NEALE. * 154“ 
Scie? 


ee ee rey 606 
Potassium sulphate.........:.eeee cote e cee eters e erst sere tes 1859 “* 
Glass... eee cee eee Fie Celie Sci aisyhiwns TAMom a he aeaee PV dictate 


Boiling Points of Various Substances at Atmospheric 


Pressure. 
14.7 Les. PER SquaRE INCH. 


(From VARIOUS SouRCES.) 





Miher, swOhULies sss eae esas eee d= Pye ese ad aro eney 100° «OF. 

Carona phidessi. oan tacs eee ert Serie 1S 

RY RIAN SUA ian Sea OEP CP CRE REALM tet a Siac oe Seely 4402 

CHG EOT ORAL sok co eae Fine baie SAS ee we nes eine Rates Sey Pays yk! 

5 ee DNS SEN aoe Pte SNR tear ee OO ach Ae 145° 
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Water rsa: tee ea ec aemaleae heres ee ai Acie ong 8S RRM SESS 212: .:** 

aA er shi oe aller eichie oe aaa en aeisie nig aincoincn en Fe CRESS nn Sate 2138 

, ‘Average SERS WRTORG ce cians sis bic laste e oe cee he aes, ame m et ce 218.2 “ 
| Carbonate of Soda, saturated..........- seers setters sahintieabard 220.3 “ 
Acetate of Soda, Bee eR peg a fe yl fw gr keatigs san atatmy ammlN SS aI 235.8-.°' 
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Olof Turpentine... ous ieee seen ges teas ease ee eremsees WE 
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Suitable Temperatures 


FOR 
Annealing steel 


“c 


malleable iron (furnace iron) 
“e 











SPC Ser we oe 1100-1400 
soe CeMpOla ironies er a eee 1500-1700 «* 
ig glass (initial EOMPErabUre) os 2h a3 ths es ee 950 * 
Mi Ncetip. AR ea aR ROLES ERE BRE CRED oii aae es 1200-1475“ 
Melting MS ee he ee 2200 < 
PE Os ee ce be 1200-1400 *¢ 
Case-hardening iron and soft steel... 1.2.2). 1. 110 1300-1500 
cre vena TOUURHOR no gee ee 350“ 
EPR SUP ME MOOK soos ote ce 300‘ 
PU em a ee re 150‘ 
“red and green enamel, + Bicycle paint, J..... ..... 250 
bE oa Ree PRR Mae Sir 800 << 
b ncnage icy Pek bc SEER On ne rie RR ae tec 295 ** 
Drawing the Temper of Tools. 
(Rose anp KeEnr.) 
Scrapers for brass. Very pale yellow, Hand plane irons. 
Steel-engraving tools. 430° BF. Twist drills, 
Slight-turning « Flat drills for brass. 
Hammer faces. Wood-boring cutters, 
Planer tools for steel. Drifts. P 
lvory-cutting tools, Coppersmiths’ tools, Light purple, 
Planer tools for iron, Edging cutters, 530° F. 
Paper cutters. 


Augers, 
Wood-engraving tools. 

Bone-cutting toois, Cold chisels for steel. 
Milling cutters, Straw yellow, Axes. 

Wire-drawing dies, 460° F, Gimlets, 

Boring cutters. 
Leather-cutting dies, 
Screw-cutting dies. Needles. 
Inserted saw teeth. Firmer chisels, 
Taps. Back saws. 
Rock drills. Framing chisels. 


Dental and surgical instr. 
Dark purple, 


550° F. 


Cold chisels for cast-iron, 
Saws for bone and ivory. 


Chasers, Cold chisels for wrought iron, 
Punches and dies. Moulding and planing cutters. 
Penknives. Circular saws for metal. 
Reainers, 


Screw-drivers. 
Half-round bits. Springs 


8 

Planing and moulding Brown yellow, Saws for wood. 
cutters. 500° F, 

Stone-cutting tools. 

Gauges. 


Dark blue, 
570° F. 
Pale blue, 
610° F. 
Blue-green, 
630° F. 





Above list is arranged in the or 
when heat-d in the air. 





der of the color scale as it appears on bright steel 
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TESTIMONIALS. 
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CLEVELAND, Onto, January 18, 1897. 


Cuas. ENGELHARD, NEW YORK. 

Dear Sir: We are in receipt of your favor of the 14th inst., 
and beg to state that our experience with the Pyrometer received 
from you has been very satisfactory. We are able now to deter- 
mine definitely the exact degree of heat in our case- hardening 
ovens ; consequently, we are able to turn out work of uniform 
degree of hardness. 

Yours truly, 
WHITE SEWING MACHINE COMPANY. 
(Signed) Gro. O. StMonpDs. 


THE CARNEGIE STEEL COMPANY, Lruitep, 
Tap EpGAaR-THoMsoN STEEL WORKS AND FURNACES, 
Brappock, Pa., May 22, 1899. 


Mr. CHARLES ENGELHARD, 
41 Cortlandt Street, New York City. 

Dear Sir: In reply to your esteemed favor of the 20th inst., 
I received your new edition of the pamphlet describing your 
Pyrometer, with many thanks. 

I take great pleasure in attesting that your Pyrometer has 
given satisfaction. We were anxious to determine the temperature 
of steel rails while in the process of rolling. With the use of 
the Electro Pyrometer received from you, we have been able to 
satisfy all our requirements 

Yours truly, 
(Signed) R. STEVENS. 
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THE AMERICAN BALL-BEARING COMPANY, 
CLEVELAND, OHIO, May 19, 1899. 

Mr. CHAariEs ENGELHARD, 

41 Cortlandt Street, New York. 


Dear Sir: Your letter of the 16th inst. and catalogue 

- received. In reply to your favor, we are pleased to advise that 

we now consider the Pyrometer, purchased of you two 
one of the necessities of our plant. 





years ago, 


We have placed this instrument on an independent foundation 
in our office, and, by means of a telescopic arrangement, the 
men operating. our furnaces at the other end of factory are also 
enabled to take readings at a distance of several hundred feet. 

We can safely recommend the merits of this instrument to 
any one desiring such a device. 

Yours very truly, 
(Signed) THE AMERICAN BALL-BEARING CO., 


Per FrEp ©. Dorn, Treasurer. 





INDIANAPOLIS CHAIN AND STAMPING COMPANY, 


INDIANAPOLIS, IND., June 16, 1899. 
Mr. CHares ENGELHARD, New York, N. Y. 


Dear Sir: Yours of the 12th inst. and pamphlet received. 


Thanks for same. We are very much pleased with the Pyrometer 
you furnished us. 
Yours truly, 


INDIANAPOLIS CHAIN AND STAMPING COMPANY. 


ROOKWOOD POTTERY, 


CINCINNATI, OHIO, July 29, 1899. 
Mr. CHARLES ENGELHARD, 


41 Cortlandt Street, New York. 


Dear Sir: We presume our telegram of last night, requesting 
you to ship one element by express to-day, has been received, and 
that you have given the order attention. 
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As you may judge by our repeated orders, we are really 
pleased with our experience with this device and consider it the 
best which we have ever tried for the delicate regulation of kiln 
firing. 

Yours very truly, 
(Signed) THE ROOKWOOD POTTERY COMPANY, 
W. W. Taytor, President. 


. 


UNION GLASS COMPANY, 
~ SOMERVILLE, Mass., November 23, 1900. 
Mr. CHARLES ENGELHARD, 
41 Cortlandt Street, New York, N. Y. 

Dear Sir: The Pyrometer that we have is working so well 
that we have decided to purchase another, so that if you will 
kindly forward us one galvanometer by express, we should 
appreciate same. 

Trusting you will give this your immediate attention, we 


remain, 
Very truly yours, 


(Signed) UNION GLASS COMPANY, 
Wo. S. BLAKE, Treasurer. 


> 


Confirming telegram— Send one Galvanometer by express.” 


INTERNATIONAL CEMENT COMPANY, 
PirrspurG, Pa., July 3, 1901. 


Mr. CuHarues ENGELHARD, New York. 

Dear Sir: Your favor of May 21 came to hand some time 
ago, and would have been answered promptly but at that time our 
Cement Company was not formed. It is now formed and will be 
known as shown at head of this sheet. We value your Pyrometer 
very much and have found it quite useful in our experiments. 

Yours very truly, 
(Signed) J. B. Granam, President. 
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INTERNATIONAL CEMENT COMPANY, 


PirtspurG, Pa., July 6, 1901. 
Mr. CHArLes ENGELHARD, New York. 

Dear Sir: Answering yours of 5th inst., would say you are at 
liberty to use our opinion of your Pyrometer as you see fit. We 
consider it of great value in our business and would not care to be 
without it. 

Yours very truly, 
(Signed) J. B. Granam, President. 


PERTH AMBOY TERRA-COTTA COMPANY, 
N. Y. Office, 160 Fifth Ave. 


PertH Amboy, N. J., July 31, 1901. 
Mr. Cuartes ENGELHARD, 
41 Cortlandt Street, New York. 


Dear Sir: We have to acknowledge your favor of the 30th 
inst. We are entirely satisfied with the working of the Heraeus 
Le Chatelier Pyrometer, and are procuring valuable results. We 
shall not require another one, however, at present. 

Yours truly, 
(Signed) PERTH AMBOY 'l'ERRA-COTTA COMPANY, 
OsWALD SPEIR, Assistant General Manager. 


BERLIN, May 23, 1896. 


We take great pleasure in attesting that your Pyrometer, 
as used by us, has fully satisfied our expectations. 





We remain, very respectfully, 
GENERAL ELECTRIC COMPANY, 
(Incandescent Lamp Factory.) 
(Signed) BussMANN. 
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TeERRA-CoTTa Factory, t 
MBRZIG-ON-THE-SAAR, May 15, 1896 

In reply to your esteemed favor of the 6th inst., we can 
cheerfully reply that the Galvano-Pyrometers secured from you 
have been in constant use in our factory for the last three and 
one-half months and have given good satisfaction. 

They indicate with exactness all temperatures up to white 
heat. 

We have compared the instruments with all other heat- 
measuring appliances which were at our disposal and have found 
them to compare very well with each other, ete. 

Very respectfully, 
VILLEROY & BOCH, 
(Signed) SPANGENBERG. 


DuispurG, May, 196. 

The Electro-Pyrometer constructed by you and Messrs. Keiser 
& Schmidt, Berlin, has been used in my establishment for three- 
quarters of a year, and I can highly recommend the same from 
own experience. 

It works very exact and indicates the correct degree of 
temperature immediately, when the necessary connections are 
made. 

No disturbances have occurred up to date; the apparatus 
performs its work faultlessly, when the necessary precautions 
are observed in placing and adjusting the same, and if it is placed 
in a perfectly horizontal position. 

Very respectfully, 
FRIEDRICH CURTIUS. 
(Sulphuric Acid and Soda Factory.) 


FRANKFORT-ON-THE-MAIN, November 30, 1895. 
The Pyrometer secured from you some ‘time ago has given 
excellent satisfaction, though slight difficulties were experienced 
on account of the porcelain tubes. 
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The instrument is easily handled and is adapted for universal 
use. 

We use the Pyrometer for measuring temperatures in crucibles, 
crucible furnaces, muffles, smelting furnaces, etc. 

The microvoltmeter, which is well regulated and entirely 
astatic, gives exact results in any position, provided the needle 
swings freely. It has been placed on a shelf in our weighing 
room, where it is not exposed to shocks, and conductors lead from 
here to the various stations where temperatures are to be 
measured. 

The prompt return of the pointer to zero permits a number of 
various measurements in quick succession by switching the different 
elements off and on to the voltmeter. 

Our experience leads us to believe that it is not advisable to 
leave the instrument connected for any length of time, and neither 
is this necessary, as the correct temperature is given immediately 
when switched on. 

Various thermo-elements procured by us at different times 
compared favorably with each other, and the results obtained 
removed any doubts we may have had regarding the possibility of 
constructing them uniformly. 

We possess all the necessary instruments for recalibrating the 
microvoltmeter, but we had no occasion to make use of any of 
them. 

Your Pyrometer should be an instrument to satisfy all require- 
ments of the industries, if it can be avoided to enclose the porce- 
lain tubes in iron pipes to protect same from injury. 

Very respectfully yours, 
GERMAN GOLD AND SILVER REFINERY WORKS, 
(Formerly Roessler Technical Division.) 
(Signed) Jou. PFLEGER. 


MALSTATT, NEAR SAABRUCKEN, May 21, 1896. 


We herewith desire to state that, for some time, we have made 
practical use of the electro-thermometer furnished us by Messrs. 
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Keiser & Schmidt, Berlin, for the purpose of determining the 
temperature in flues of boilers of various construction. 

The application of the apparatus is very convenient, and the 
results obtuined therewith are reliable. 





Very respectfully, 
0. H. BOECKING & DIETSCH. 
(Cement Factory.) 


(This is one of the largest cement factories in Germany. | 
7 


JENA, September 26, 1896. 
The thermo-element sent us on trial has stood in a true 
sense of the word its fire test. We have used it uninterruptedly 
during the last three and one-ha}f months for measuring tempera- 
tures of a very highly heated regenerative glass-melting furnace. 
i The porcelain tubes enclosing the wires projected into the 
‘ furnace about twenty-five centimetres and rested on a fire-brick. 
7 The instrument indicated instantly and correctly all changes 
F and variations in the temperature caused by increased or decreased 
firing. 
: The needle of the galvanometer moved between 1,200 and 
1,500 degrees within twenty-four hours; the highest temperature 
i of the furnace was, therefore, 100 degrees more than the range of 


the scale.* 
Very respectfully, 


; (Signed) Dr. O. SCHOTT. 
é (Technical Glass Manufacturing Institute.) 


Hagen 1n W., June 13, 1896. 


; In answer to your esteemed favor of the llth inst., we beg 

: leave to say that we are very well pleased with the Pyrometer 

Be procured from Messrs. Keiser & Schmidt during the early part of 
last December. 


*The above firm used an instrument with a scale divided up to 1,400 degrees Celsius. 
The scales of the present instruments are divided from 0 to 1,600 degrees Celsius. 
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The galvanometer is calibrated for our purpose, allowing the 
reading off of temperatures up to 600 degrees Celsius. 

We use the instrument, from time to time, as a standard for 
testing the accuracy of other mechanical Pyrometers. 

A test in our laboratory made with your instrument resulted 
more than satisfactory as to the accuracy of the temperature scale. 

us Very respectfully, 
ACCUMULATOR MANUFACTURING COMPANY, 
ppa. C. EMpEN. 


The Royal Porcelain Factory, at Berlin, made the following 
statement of their experience in Nos. 51 and 52 of the Thonwaaren 
Industrie Zeitung (Pottery Journal). 

Dr. Ebeling writes in No. 51 of this periodical: ‘‘ The 
second instrument, as already stated in No. 44 of this publication, 
is preferable when used continuously for measuring high tempera- 
tures, on account of the small space it occupies. 

«‘ The heating of the junction of the two wires alone governs 
the indications of the instrument, and this particular point occu- 
pies a space of only a few cubic millimetres. 

‘*Tt stands to reason that it must be protected by a porcelain 
tube when used directly in open flames, but even then the space it 
occupies in the furnace is much smaller than that occupied by 
other Pyrometers. 

‘* It is especially valuable, as it can be used within great limits, 
reaching up to the melting point of platinum—about 1,800 degrees 
Celsius. 

‘* Naturally there are special appliances required for the pro- 
tection of the instrument if used at such high temperatures.” 

Dr. Hecht states as follows, in No. 52 of the same periodical : 
‘*Tt has been demonstrated in the foregoing, of how great a value 
the clay cones are to regulate the burning of pottery, and it has 
been shown likewise how unreliable, yes, I might say, ‘ how ridicu- 
lous,’ it is to compare their melting points with degrees Celsius, 
but therewith I do not, by any means, intend to question the value 


24 





TT TT TT TI FT TT a TT TT a a 





of the determination of temperatures in the pottery industry with 
the aid of this Pyrometer. 

‘“‘If it does nothing else but show that, through the careless- 
ness of the attendant, the temperature of the kiln has fallen fifteen 
degrees Celsius, its usefulness will be plainly demonstrated in 
economically managed plants. For this means that not only one 
and one-half hours’ labor, but also considerable amount of fuel, is 
lost, which both are necessary to attain the former temperature. 

“‘Tt would have effected the saving of this one and one-half 
hours of labor and the coal used during one and one-half hours’ 
firing. By tracing a diagram, showing the progress of firing, we 
will find nearly always the evidence that the firing has not been 
done in a satisfactory manner. 

«« Another important factor in its favor is the exceedinglysimple 
manner of handling the apparatus, and the possibility of measuring 
the heat produced, not only at the furnace itself, but at any con- 
venient place ; as, for instance, in the office. We can refer to the 
indications of such an instrument which we have placed on our 
desk, as a check, if the kiln is fired by the attendant according 
to his old custom by watching his clay cones, and his work can be 
controlled at any time at a great distance.” 

Dr. Bunte says, among others, in No. 24 of the Journal fir 
Gasbeleuchtung und Wasserversorgung (Gas and Water Journal) : 

‘< We can obtain, with the greatest ease, a perfect illustration of 
the relative temperatures existing in an entire furnace system if 
we apply the Pyrometer at its various flues and at the firebox. 
Such data were heretofore only obtainable by spending much time 
and labor thereon. I had a great number of such measurements 
taken in Munich furnaces at the gasworks of Karlsruhe, and I 
have convinced myself therewith of the practical usefulness of the 
instrument.” 

Finally, we quote an extract from another statement made by 
the Royal Physical Technical Institute, at Charlottenburg: 

«« All these instruments (embracing all other instruments for 
measuring high temperatures that are on the market) have various 
drawbacks when compared with the thermo-element, some being 
less accurate and reliable, and others less simple to handle. 
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«A Pyrometer, to be of any practical value to the industries, 
must be constructed, in the first place, in such a manner that the 
temperature can be read off directly from a scale, so that an 
ordinary mechanic can make use of it. - 

** High temperatures must be unable to influence the correct- 
ness of the instrument, and it must give service for a reasonable 
length of time. 


die 


" 


** Le Chatelier’s thermo-element, in its new form, seems to 
give the most satisfactory results.” 
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